Background. Radiofrequency thermal ablation (RFA) is a minimally invasive, image guided technique for destroying tumour cells without damage to adjacent healthy tissue. It is used for partial or complete ablation of non resectable lung cancers and cancers of metastases to lung, providing an effective, relatively safe option for patients ineligible for surgery. We describe our experience with it. Methods. In 2005 and 2006, we performed radiofrequency ablation of 7 lung lesions in 6 patients. RFA was done percutaneously under image guided CT scan in 5 patients and in one patient during thoracotomy when we found a radically unresectable tumor necessitating debulking. CT lung screening was performed after 6 months and PET/CT was done within 12 months. Results. In the course of the screening, we diagnosed regression in 2 patients, a stationary state in 2 cases and local tumor progression in 2 patients, using computed tomography within 6 months after RFA. Using PET/CT within 12 months, we diagnosed non-ablation and liver metastases (there were none before) in one of the two patients with a stationary state diagnosed by means of CT before and recurrence of primary tumor in another patient. In one case of diagnosed regression, we diagnosed tumor progression. The patients survived an average of 30 months (range 9 to 60 months). Conclusion. RFA of lung tumors is an easy method with little patient discomfort. It can be performed percutaneously using guided CT under general anaesthesia. RFA of lung tumors possibly alone or in combination with oncology treatment can prolong patient life.
INTRODUCTION
As long as 5000 years ago the ancient Egyptians were treating tumors with heat. The Greeks, from which the word hyperthermia comes, too, understod the effects of heat on tissue. In the past heat was especially used to stop bleeding and treat surface lesions. In 1891, the physicist d'Arsonval described the effects of alternating current penetrating tissue and warming it. The collagen structures were then dehydrated and degenerated without any pain or muscle contraction. In the year of 1908, Beer used the method of radiofrequency coagulation for the treatment of urinary bladder tumors and Clarek used the same for the destruction of skin tumors as well as cervix and breast. Further, radiofrequency coagulation is used for the treatment of foci of spontaneous activity in neurosurgery, for gastroenterology endoscopic surgery and for the treatment of dysrhythmia in cardiology. In the late 1980s, Rossi and McGraham capitalised on the neurosurgeons´ experience and used radiofrequency coagulation for the destruction of primary liver tumors. Radiofrequency thermal ablation of lung tumors (RFA) was first performed in 1983. This destruction method uses the effects of alternating current in a frequency of 460 kHz and a power of 50 -200 W while a special probe is inserted into lung parenchyma. In the surroundings of the probe, there is ionic agitation and pulse temperature rises. At a temperature of about 50 °C there is spherical coagulation necrosis of lung tissue, including the tumor. Enzyme and structural changes of cells already occur at a temperature of 42 °C. Although the produced electrodes are used for the treatment of tumors of one to five centimeters, in the case of lung tissue, the best results are achieved in the coagulation of tumors of three centimeters. Non-ablation is a state when the complete coagulation necrosis of tissue is not achieved in the proximity of blood vessels as a consequence of cooling by the blood stream. The RFA probe can be inserted into lung parenchyma both per surgically (thoracotomy and thoracoscopy) and by computed tomography. Above all, percutaneous access is convenient for the patient, when local anaesthesia is used in conjunction with analgosedation 1, 2 .
METHODS
In 2005 and 2006, we performed radiofrequency ablation of seven lung lesions in six patients in the Department of Surgery of the University Hospital in Pilsen, the Czech Republic. Owing to tumor recurrence, there was a need to repeat RFA in one patient. RFA was performed percutaneously under image guided CT scan in five patients and in one patient during thoracotomy where we found a radically unresectable tumor requiring reduction of tumor mass (debulking). There were 4 men and 2 women, average age 61.6 (range 42-78) In three cases, we performed RFA of primary lung carcinoma. In one patient, there was a need for RFA of a metastasis of primary lung carcinoma after a previous second-side lung resection. In two cases, we performed RFA of a lung metastasis of colorectal carcinoma ( Table 1 ). The average size of the tumor was 27 mm (range 13 to 45 mm). The combined thoracotomy surgery was performed in the operating theatre of the Department of Surgery of the University Hospital in Pilsen. The percutaneous surgeries using CT navigation were performed in the Department of Imaging Methods of the same hospital ( Fig. 1 ). All surgeries were performed under all the rules and regulations for surgery in patients treated under general anaesthesia with selective intubation and limited ventilation of the operated lung wing. After aiming at the tumor in lung parenchyma, we inserted a conductor into the tumor and placed the RFA Needle over the conductor (Fig.2) . After performing RFA of the tumor, we used computed tomography to determine the success of the surgery (the picture of opalescent glass) and to exclude complications (Fig. 3) . After six hours, we used lung X-ray to evaluate the developing lung parenchyma. The CT lung screening was performed after six months and PET/CT was done within twelve months.
RESULTS
The most frequent complication of the lung surgery, which was pneumothorax, occurred in three patients and was discovered on lung X-ray. There was only one case where we performed chest drainage after thoracotomy. One patient developed pleuropneumonia with an exudate on the side of the performed percutaneous RFA on the sixth day after the surgery, which was resolved by antibiotics and doing a chest drainage. We noticed no other complications. After discharge, the patients were transferred to oncologists and underwent other oncology treatments (Table 2 ). In the course monitoring the patients, we diagnosed regression in 2 patients, a stationary state in 2 cases and local tumor progression in 2 patients using computed tomography within 6 months after RFA. Using PET/CT within 12 months, we diagnosed non-ablation and liver metastases (there were none before) in one of two patients. The stationary state that had been diagnosed by means of CT before and there was recurrence of primary tumor in the other patient. In the case of the diagnosed progression, the PET/CT diagnosed extra-lung lesions as well. In one case of diagnosed regression, we could not use PET/CT, owing to previous complications of this examination. In one case, the PET/CAT scan was done within 18 months and we diagnosed tumor progression here as well (Fig. 4) . The patients survived 30 months on average (range 9 to 60 months). In 5 cases, the cause of death was generalization of the basic cancer, and one patient died of cardiac failure within 42 months after the surgery (Table 3) .
DISCUSSION
RFA of lung tumors is a method of choice in the case of patients who cannot be indicated for radical resection because of tumor localization or size and limited vital capacity if the lung parenchyma is afflicted with chronic disease. Further, it is used in the case of serious comorbidities which are a contraindication for thoracotomy or selective ventilation. In the case of a large unresectable tumors, RFA can be used palliatively for reducing tumor mass (debulking). The developing hyperthermic reaction can even enhance the immune response. The reduction of tumor mass (cytoreduction) causes the production of tumor necrotizing factor with a local inflammatory response (HSP -heat shock protein). Heating the tumor increases tumor antigens, cell death improves the immune response and the heat increases the permeability of blood vessels in the tumor and adhesivity of leukocytes to endothelial cells 3 . In the case of peripheral tumors, we use either wedgeshaped resection or laser metastasectomy while RFA is most suitable for tumors that are centrally located. It is these areas that are often unreachable by chemotherapy.
However there is a question of the protection of hill structures from heating effects of the RFA probe. It is also possible to indicate RFA in patients who refuse major surgery. Apart from this, there are also non-invasive methods that are safe and effective. Clinically proven non-invasive methods include stereotactic ablative radiotherapy (SABR). Treatment for early stage inoperable non-small cell lung cancer should be tailored to individual patients, and under certain circumstances, a combined approach may be beneficial 4 . However, we cannot overlook the fact that RFA of lung, results in a larger number of non-ablations, too, which is pertinent especially to the treatment of lesions of over three centimeters (30%): unlike liver tissue, the lung has higher impedance and this limits RFA efficacy. The histology results confirmed the persistence of malignant cells near bronchi. It is possible to use a cluster needle or a ph ysiological solution in the surroundings of the tumor for greater efficacy of RFA. In our sample, we limited cooling of the needle by using selective lung ventilation, which made aiming at the lesion easier if RFA was performed in connection with CT (ref. 5 ). Although the most frequent complication is pneumotorax (from 20-40%), there is a need to use chest drainage only in 10%. The pleural exudate (10-30%) is noticed during the treatment of surface lesions (less than one centimeter under pleura) and is spontaneously resorbed. Less frequent complications include haemoptysis (5-30%), bronchopleural fistula, diaphragm paresis, continuing pains and subcutaneous emphysema 6, 7 . Infections (2-5%) are connected with the formation of a cavity after the successful ablation and occur in the case of a lung abscess or aspergillosis in immunocompromised patients 8, 9 . Rare complications of percutaneous RFA of lung tumors, include injury to the ganglion stellatum 10 or lesion of the brachial plexus 11 .
CONCLUSION
RFA of lung tumors is an easy technice involving minimum patient stress. It can be performed percutaneously using CT for guidance under general anaesthesia and analgosedation. Distinctly better results are achieved for lesions of less than three centimeters. The number of lesions of one lung lobe should not exceed five. The literature however, suggest that it is a palliative method and cannot be expected to replace radical resection. Our results show that it can prolong the patient's life by more than 24 months especially if used in connection with oncology treatment. Regarding the monitoring of treated foci we prefer PET/CT.
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